Investigate on the Properties of X80 Pipeline Steel Damaged by High Temperature  by Lu, S.H. et al.
 Procedia Engineering  130 ( 2015 )  609 – 616 
Available online at www.sciencedirect.com
1877-7058 © 2015 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICPVT-14
doi: 10.1016/j.proeng.2015.12.278 
ScienceDirect
WK,QWHUQDWLRQDO&RQIHUHQFHRQ3UHVVXUH9HVVHO7HFKQRORJ\
,QYHVWLJDWHRQWKH3URSHUWLHVRI;3LSHOLQH6WHHO'DPDJHGE\
+LJK7HPSHUDWXUH
6+/XD;/LQJD-&=KDQJD
aSchool of Mechanical and Power Engineering, Nanjing Tech University, puzhu south st.30, 1DQMLQJ35&KLQD 
$EVWUDFW
5HPDQXIDFWXULQJHQJLQHHULQJLVDQHIIHFWLYHZD\WRVROYHWKHZDVWHRIUHVRXUFHDQGWKHUHIXUELVKPHQWRIZDVWHHTXLSPHQW/DVHU
UHPDQXIDFWXULQJ WHFKQRORJ\ PDLQO\ XWLOL]HV WKH ODVHU FODGGLQJ WR UHSDLU WKH FRPSRQHQWV DQG SDUWV ZKLFK ZHUH GDPDJHG RU
VFUDSSHGGXULQJWKHLUVHUYLFHOLIHDQGLWKDVEHFRPHDQLPSRUWDQWSDUWRIWKHUHPDQXIDFWXULQJHQJLQHHULQJ,QRUGHUWRHYDOXDWH
WKH UHPDQXIDFWXULQJ YDOXH RI WKH ZRUNEODQN D FRPSUHKHQVLYH VWXG\ RQ WKH SURSHUWLHV RI WKH UHPDQXIDFWXULQJ ZRUNEODQN LV
QHHGHG 7KH; KLJK GHIRUPDELOLW\ SLSHOLQH VWHHO DUH XVXDOO\ XVHG DV WKH RLO DQG JDV WUDQVPLVVLRQ SLSHOLQH DQG WKH\ FDQ EH
GDPDJHG E\ KLJK WHPSHUDWXUH GXULQJ WKH VHUYLFH OLIH 3URSHUWLHV RI ; KLJK GHIRUPDELOLW\ SLSHOLQH VWHHO GDPDJHG E\ KLJK
WHPSHUDWXUHZHUHLQYHVWLJDWHGLQWKLVSDSHU'LIIHUHQWGDPDJHWHPSHUDWXUHDQGWLPHZHUHFKRVHQWRVLPXODWHWKHSRVVLEOHGDPDJH
FRQGLWLRQV 7KHQ WKH PHFKDQLFDO SURSHUWLHV KDUGQHVV GLVWULEXWLRQ PLFURVWUXFWXUH RI WKH PDWHULDOV ZHUH V\VWHPDWLFDOO\
LQYHVWLJDWHGE\PHDQVRIWHQVLOHWHVWLQJPDFKLQHPLFURKDUGQHVVWHVWHURSWLFDOPLFURVFRS\7KHUHVXOWVVKRZWKDWWKHSURSHUWLHV
RI;SLSHOLQHVWHHODUHFKDQJHGE\WKHGDPDJHWHPSHUDWXUHDQGWLPH:KHQWKHGDPDJHWHPSHUDWXUHLVćDQGWKHWLPHLV
KFRPSDUHGZLWKWKHSURSHUWLHVRIEDVHPHWDOWKH\LHOGVWUHVVDQGWKHWHQVLOHVWUHVVLVMXVWDERXWDQGRIZKLFK
UHVSHFWLYHO\,QDGGLWLRQWKHPHFKDQLFDOSHUIRUPDQFHRIWKHPDWHULDOVZLOOEHGHFUHDVHGZKHQWKHGDPDJHWLPHLVSURORQJHG7KLV
UHVHDUFKFDQSURYLGHWKHUHIHUHQFHIRUWKHODVHUFODGGLQJUHPDQXIDFWXUHRI;SLSHOLQHVWHHO
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHRUJDQL]LQJFRPPLWWHHRI,&397
Keywords:;SLSHOLQHVWHHOKLJKWHPSHUDWXUHGDPDJHPHFKDQLFDOSURSHUW\PLFURVWUXFWXUH


&RUUHVSRQGLQJDXWKRU7HOID[
E-mail address:[OLQJ#QMWHFKHGXFQ
© 2015 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICPVT-14
610   S.H. Lu et al. /  Procedia Engineering  130 ( 2015 )  609 – 616 
,QWURGXFWLRQ
5HPDQXIDFWXULQJHQJLQHHULQJLVDQHIIHFWLYHZD\WRVROYHWKHZDVWHRIUHVRXUFHDQGWKHUHIXUELVKPHQWRIZDVWH
HTXLSPHQW >@ $V WKH XUJHQW QHHGV IRU UHPDQXIDFWXULQJ RI WKH VRFLHW\ DQG WKH UDSLG GHYHORSPHQW RI ODVHU
PDQXIDFWXULQJ WHFKQRORJ\ WKH ODVHU UHPDQXIDFWXULQJ WHFKQRORJ\ KDV EHFRPH DQ LPSRUWDQW SDUW RI WKH
UHPDQXIDFWXULQJHQJLQHHULQJ>@/DVHUUHPDQXIDFWXULQJWHFKQRORJ\PDLQO\XWLOL]HVWKHODVHUFODGGLQJWRUHSDLUWKH
FRPSRQHQWV DQG SDUWVZKLFKZHUH GDPDJHG RU VFUDSSHG GXULQJ WKHLU VHUYLFH OLIH >@ DQG WKH SURSHUWLHV RI ODVHU
UHPDQXIDFWXULQJSURGXFWVFDQPHHWRUH[FHHGWKHQHZRQH
7KHTXDOLW\RIWKHUHPDQXIDFWXULQJSURGXFWLQFOXGHVWZRSDUWVWKHTXDOLW\RIWKHUHPDQXIDFWXULQJZRUNEODQNDQG
WKH TXDOLW\ RI WKH UHPDQXIDFWXULQJ FRDWLQJ ,Q RUGHU WR HYDOXDWH WKH UHPDQXIDFWXULQJ YDOXH RI WKH ZRUNEODQN D
FRPSUHKHQVLYHVWXG\RQWKHSURSHUWLHVRIWKHUHPDQXIDFWXULQJZRUNEODQNLVQHHGHG7KHKLJKWHPSHUDWXUHGDPDJH
XVXDOO\ RFFXUV RQ WKH VXUIDFH RI PDWHULDOV DQG ODVHU FODGGLQJ LV DQ DGYDQFHG DQG HIIHFWLYH HTXLSPHQW
UHPDQXIDFWXULQJ WHFKQRORJ\ ,W FDQ LPSURYH WKH VXUIDFH SURSHUWLHV RI WKHPDWUL[ PDWHULDO DW ORZHU FRVW >@ %XW
FXUUHQWVWXGLHVRIODVHUFODGGLQJUHPDQXIDFWXULQJDUHPDLQO\IRFXVHGRQWKHPDWHULDOVZKLFKKDYHQRWEHGDPDJHG
7KHKLJKWHPSHUDWXUHGDPDJHRIFRPSRQHQWVRFFXUUHGGXULQJWKHLUVHUYLFHOLIHFDQPDNHDQLPSDFWRQWKHSURSHUWLHV
RIWKHPDWHULDOVDQGLWZDVDOPRVWQRWFRQVLGHUHGEHIRUH
7KH;KLJKGHIRUPDELOLW\SLSHOLQHVWHHODUHXVXDOO\XVHGDVWKHRLODQGJDVWUDQVPLVVLRQSLSHOLQHHVSHFLDOO\LQ
WKH QHDU  \HDUV 7KH SLSHOLQH FDQ EH GDPDJHG E\ FRUURVLRQ GXULQJ WKH VHUYLFH OLIH 7KH JDV OHDN PD\ FDXVH
H[SORVLRQ DFFLGHQWV DQG VRPH SLSHOLQHV FDQEH GDPDJHG E\KLJK WHPSHUDWXUH ,I DOO RI WKH GDPDJHG FRPSRQHQWV
ZHUHUHJDUGHGDVXVHOHVVQHVVWKHVHFDQFDXVHJUHDWHFRQRPLFORVV7KHSLSHOLQHZDVWHSURFHVVLQJWHFKQRORJ\V\VWHP
DQGVWDQGDUGVSHFLILFDWLRQKDVQRWEHHQIRUPHGDQGWKHUHVHDUFKRIZDVWHWUHDWPHQWWHFKQRORJ\LVDOPRVWLQWKHEODQN
LQ PDQ\ FRXQWULHV ,Q DGGLWLRQ ZLWK WKH UDSLG GHYHORSPHQW RI HOHFWULF SRZHU DQG SHWUROHXP DQG SHWULIDFWLRQ
HQWHUSULVHVWKHHTXLSPHQWPD\EHGDPDJHGE\WKHYDULDQFHRIRSHUDWLRQ7KHLQYHVWLJDWLRQRIPDWHULDOVGDPDJHGE\
KLJKWHPSHUDWXUHKDVEHFRPHDQLPSRUWDQWSDUWLQWKHHTXLSPHQWUHPDQXIDFWXUH
3URSHUWLHVRI;KLJKGHIRUPDELOLW\SLSHOLQHVWHHOGDPDJHGE\KLJKWHPSHUDWXUHZHUHLQYHVWLJDWHGLQWKLVSDSHU
'LIIHUHQW GDPDJH WHPSHUDWXUH DQG WLPH ZHUH FKRVHQ WR VLPXODWH WKH SRVVLEOH GDPDJH FRQGLWLRQV 7KHQ WKH
PHFKDQLFDO SURSHUWLHV KDUGQHVV GLVWULEXWLRQ PLFURVWUXFWXUH RI WKH PDWHULDOV ZHUH V\VWHPDWLFDOO\ LQYHVWLJDWHG E\
PHDQVRIWHQVLOHWHVWLQJPDFKLQHPLFURKDUGQHVVWHVWHURSWLFDOPLFURVFRS\7KLVUHVHDUFKFDQSURYLGHWKHUHIHUHQFH
IRUWKHODVHUFODGGLQJUHPDQXIDFWXUHRI;SLSHOLQHVWHHO
0DWHULDOVDQGH[SHULPHQWDOSURFHGXUHV
7KHFRPSRVLWLRQRIWKH;SLSHOLQHVWHHOVXVHGLQWKLVLQYHVWLJDWLRQLVJLYHQLQ7DEOH,QRUGHUWRVLPXODWHWKH
VHUYLFHFRQGLWLRQVRIWKHSHWUROHXPFRPEXVWLRQWKHVSHFLPHQVZHUHGDPDJHGDWDQG&IRUKDQG
K LQDPXIIOH IXUQDFH&RQVLGHULQJPDQ\RLODQGJDVSLSHOLQHVZHUHEXULHG LQ WKHJURXQG WKHVSHFLPHQVZHUH
FRROHGWRURRPWHPSHUDWXUHLQWKHIXUQDFH
7DEOH&KHPLFDOFRPSRVLWLRQVRI;SLSHOLQHVWHHOPDVVSHUFHQW
& 0Q 0R 1L &X 6L 1E &U 7L )H
         %DOHQFH


)LJ6FKHPDWLFGLDJUDPRIWHQVLOHWHVWVSHFLPHQVPP
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)LJXUHVKRZVWKHVFKHPDWLFGLDJUDPRIVSHFLPHQVXVHGLQWKHWHQVLRQWHVWDWURRPWHPSHUDWXUH7KHVSHFLPHQV
ZHUHPDQXIDFWXUHGE\WKHPDWHULDOVGDPDJHGLQWKHPXIIOHIXUQDFH7KHWHQVLOHWHVWHTXLSPHQWZDV,167521
PDWHULDOWHQVLOHWHVWHU
7KHPLFURKDUGQHVVRIWKHVSHFLPHQZDVWHVWHGE\+96=DXWRPDWLFWXUUHWGLJLWDOPLFURKDUGQHVVWHVWHUDQG
WKH9LFNHUVKDUGQHVVZDVXVHGWRPHDVXUHWKHKDUGQHVVRIWKHPDWHULDOV$VWKHSURSHUWLHVRIPDWHULDOV¶VXUIDFHZHUH
FRQFHUQHGPDLQO\VR WKHPLFURKDUGQHVVZDVMXVW WHVWHGRQ WKHVXUIDFH)LYHGLIIHUHQWSRVLWLRQVRQ WKHVXUIDFHRI
HDFK VSHFLPHQ ZHUH VHOHFWHG IRU KDUGQHVV WHVW DQG WKH ILQDO YDOXH RI PLFURKDUGQHVV WR HDFK VSHFLPHQ ZHUH
FDOFXODWHGE\WKHPHDQYDOXHRIWKRVHILYHSRLQWV
7KH PHWDOORJUDSKLF VSHFLPHQ ZHUH SUHSDUHG E\ VWDQGDUG PHFKDQLFDO SROLVKLQJ DQG HWFKHG LQ D VROXWLRQ
FRPSULVHGRIQLWULFDFLGDQGDOFRKRO7KHPLFURVWUXFWXUHVZHUHH[DPLQHGXVLQJDQRSWLFDOPLFURVFRSH20
5HVXOWVDQGGLVFXVVLRQ
3.1. Effects of high temperature damage on the mechanical properties of the specimens  
7DEOH VKRZV WKH WHQVLOH WHVW UHVXOWV RI WKH;KLJKGHIRUPDELOLW\SLSHOLQH VWHHO$FFRUGLQJ WR WKHVH UHVXOWV
FRPSDUHG ZLWK WKH EDVH PHWDO WKH \LHOG VWUHVV DQG WKH WHQVLOH VWUHVV RI ; SLSHOLQH VWHHO GDPDJHG E\ KLJK
WHPSHUDWXUHDUHGHFUHDVHGVLJQLILFDQWO\
7DEOH7HQVLOHWHVWUHVXOWVRIWKH;VSHFLPHQV
'DPDJHWHPSHUDWXUH
ć
'DPDJHWLPH
K
<LHOGVWUHVV
03D
7HQVLOHVWUHVV
03D
HORQJDWLRQ
%DVHPHWDO    
    
    
    
    
    
    

7KHGDWDRIWKHVDPHGDPDJHWLPHLQWDEOHZHUHPDSSHGDV)LJ&RPSDUHGZLWKWKHXQGDPDJHGEDVHPHWDO
ZLWKLQWKHVDPHWLPHWHPSHUDWXUHVKDYHDQLPSRUWDQWLPSDFWRQWKHPHFKDQLFDOSURSHUWLHVRIWKHVSHFLPHQV:KHQ
WKHWLPHLVVHWDVKWKHWHQVLOHVWUHVVRIWKHPDWHULDOVWUHDWHGE\ć LVDFFRUGZLWKWKH$3,6SHF/EXWWKH
\LHOGVWUHVVLVGHFUHDVHGDERXWWRWKHVWDQGDUGYDOXH
 
 D E
)LJ0HFKDQLFDOSURSHUWLHVRIWKH;VWHHOGDPDJHGE\WKHVDPHWLPHDKEK
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
)LJ0HFKDQLFDOSURSHUWLHVRIWKH;VWHHOGDPDJHGE\WKHVDPHWHPSHUDWXUH
:KHQWKHGDPDJHWHPSHUDWXUHLVVHWDVWKHVDPHYDOXHDVVKRZQLQ)LJZLWKWKHLQFUHDVHRIWKHGDPDJHWLPH
WKH PHFKDQLFDO SURSHUWLHV DUH FKDQJHG DOO WKH ZD\V HVSHFLDOO\ DV WKH WHPSHUDWXUH LV ć WKH PHFKDQLFDO
SURSHUWLHVGHFUHDVHVLJQLILFDQWO\WKH\LHOGVWUHVVLVMXVWDERXWRIWKHEDVHPHWDODQGWKHWHQVLOHVWUHVVLVDERXW
RIWKHEDVHPHWDO
3.2. Effects of high temperature damage on the micro-hardness of the specimens 
0LFURKDUGQHVV LV DOZD\V XVHG LQ WKH VWXG\ RI WKHUPDO GDPDJH RI WKH PDWHULDOV > @ 7KH PDWHULDO VXUIDFH
KDUGQHVVZDVWHVWHGZKHQWKHR[LGHOD\HURQWKHVXUIDFHRIWKHPDWHULDOGDPDJHGE\KLJKWHPSHUDWXUHZHUHUHPRYHG
7KH UHVXOWV DUH VKRZQ LQ7DEOH:LWK WKH ULVH LQ WKH WHPSHUDWXUHRI WKHSURFHVV WKHKDUGQHVVRI WKH VSHFLPHQV
GHFOLQHJUDGXDOO\:KHQWKHWHPSHUDWXUHUHDFKHVćRUWKHGDPDJHWLPHUHDFKKPDWHULDOKDUGQHVVEHFRPH
VWDEOH DQG WKLV KDV D JRRG FRRUGLQDWH ZLWK WKH FKDQJH RI WHQVLOH VWUHQJWK ([SHULPHQWDO UHVXOWV VKRZ WKDW WKH
KDUGQHVV WR WKHPDWHULDO GDPDJHG E\ KLJK WHPSHUDWXUH KDV FHUWDLQ VHQVLWLYLW\ 6R WKH FKDQJH RI KDUGQHVV LQ D
FHUWDLQH[WHQWFDQKHOSDQDO\]HWKHSHUIRUPDQFHRIWKHPDWHULDO
7DEOH7KHKDUGQHVVRI;SLSHOLQHVWHHO
'DPDJHGWHPSHUDWXUHć 'DPDJHGWLPHK +9
%DVHPHWDO  
  
  
  
  
  
  
3.3. Effects of high temperature damage on the micro-structure of the specimens 
7KHPLFURVWUXFWXUH KDV D GHFLVLYH HIIHFW RQ WKH SHUIRUPDQFH RI WKH PDWHULDO ,Q WKLV H[SHULPHQW WKH GDPDJH
WHPSHUDWXUHZHUHVHWDVć$FFRUGLQJWRWKHLURQFDUERQDOOR\SKDVHGLDJUDPZKHQWKHWHPSHUDWXUH
ZDV ć ć WKHPDLQ FRPSRQHQWV RI WKHPDWHULDO DUH IHUULWH DQG DXVWHQLWH:KHQ WKH WHPSHUDWXUH XS WR
ć WKHPDLQFRPSRQHQWVRI WKHPDWHULDO DUH FKDQJHG WR WKHDXVWHQLWLF DQG WKH UHFU\VWDOOL]DWLRQDUH WDNHQ ,Q
ćODWWLFHVKLIWZLOORFFXURQWKHLURQRIIHUULWH&DUERQDWRPVZRXOGSUHFLSLWDWHIURPWKHVROLGVROXWLRQDQGWKHQ
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WKHFHPHQWLWHZRXOGEHJHQHUDWHG:LWKWKHFKDQJHVRIWKHPDWHULDOSHUIRUPDQFHWKHPLFURVWUXFWXUHRIWKHPDWHULDO
ZLOOEHFKDQJHGVLJQLILFDQWO\
$V )LJ  VKRZV WKH HTXLOLEULXP VWDWHPLFURVWUXFWXUH RI; SLSHOLQH VWHHOZKLFKZDV QRW GDPDJHG E\ KLJK
WHPSHUDWXUHDUHPDLQO\FRPSRVHGRIDFLFXODUIHUULWH>@,QWKHILJXUHWKHJUDLQVL]HVDQGJUDLQERXQGDU\GLUHFWLRQ
DUHGLIIHUHQWIURPHDFKRWKHU


)LJ7KHPLFURVWUXFWXUHRI;SLSHOLQHVWHHOZKLFKZDVQRWGDPDJHGE\KLJKWHPSHUDWXUH
$FLFXODUIHUULWHLVDW\SLFDOEDLQLWHVWUXFWXUHRIORZFDUERQVWHHO&,WZDVFRPSRVHGRIWKHODWKIHUULWH
JUDLQFRPSRVLWLRQZLWKKLJKGHQVLW\7KHGLVWULEXWLRQDQGGLVSHUVLRQRIEDLQLWHJUDLQVFDQKDYHWKHHIIHFWRIJUDLQ
UHILQLQJVWUHQJWKHQLQJDQGWRXJKHQLQJ
:KHQWKHWHPSHUDWXUHULVHVWRSKDVHWUDQVLWLRQFULWLFDOWHPSHUDWXUHWKHDXVWHQLWHWUDQVLWLRQZLOOEHRFFXUUHGDQG
WKHDXVWHQLWLFJUDLQVL]HKDYHDGLUHFWO\HIIHFWRQWKHPLFURVWUXFWXUHDIWHUFRROLQJ:KHQWKHDXVWHQLWLFJUDLQVL]HLV
ILQHUWKHVWUHQJWKSODVWLFLW\DQGWRXJKQHVVRIWKHPDWHULDOVDUHEHWWHU$VWKHJURZWKRIDXVWHQLWLFJUDLQLVWKHUHVXOW
RI JUDLQ ERXQGDU\PLJUDWLRQ DQGPHUJHU LQ JHQHUDO DV WKH H[WHQVLRQ RI WLPH RI KHDW SUHVHUYDWLRQ WKH DXVWHQLWLF
JUDLQ VL]HZLOO FRQWLQXH WR JURZ XS 6R WKH SHUIRUPDQFH RI WKHPDWHULDOV GDPDJHG E\ KLJK WHPSHUDWXUH ZLOO EH
GHFUHDVHG 7KH LQKHUHQW JUDLQ VL]H VLJQLILHV WKH JURZWK WHQGHQF\ RI DXVWHQLWLF JUDLQ RI WKH VWHHO XQGHU FHUWDLQ
FRQGLWLRQV;SLSHOLQHVWHHOLVEHORQJWRWKHILQHJUDLQHGVWHHOEHFDXVHRIWKHVPDOOLQKHUHQWDXVWHQLWLFJUDLQVL]H
7KHDXVWHQLWLFJUDLQVJURZVORZO\ZKHQ WKH WHPSHUDWXUH LVQRWKLJKHU WKDQć$V VKRZQ LQ)LJZLWK WKH
LPSURYHPHQW RI WKH GDPDJH WHPSHUDWXUH DQG WLPH WKH DXVWHQLWLF JUDLQ JURZ XS VHULRXVO\ DQG WKHQ WKH FRDUVH
PLFURVWUXFWXUHZLOOEHREWDLQHGZKHQWKHPDWHULDODUHFRROHGWRURRPWHPSHUDWXUH,QDGGLWLRQWRWKHVDPHGDPDJH
WHPSHUDWXUHDQGGLIIHUHQWGDPDJHWLPHWKHPLFURVWUXFWXUHRI;VKRZWKDWPRUHFDUERQLVSUHFLSLWDWHGZKHQWKH
KHDWLQJWLPHLVORQJHUDQGWKLVFDQKDYHDQREYLRXVHIIHFWRQWKHPHFKDQLFVSURSHUWLHVRIWKHPDWHULDOV
:KHQWKHGDPDJHWHPSHUDWXUHLVćWKHPDLQPLFURVWUXFWXUHRI;LVJUDQXODUEDLQLWHDQGEDLQLWLHIHUULWH
>@:KHQWKHWHPSHUDWXUHXSVWRćVRPHTXDVLSRO\JRQDOIHUULWHDUHDSSHDUHGWKHJUDQXODUEDLQLWHJUDLQVL]H
EHFRPHHYHQHUDQGWKHVSUD\GHSRVLWLRQXQLIRUPLW\RIWKH0$SDUWLFOHDUHEHWWHUWKDQWKHć
3RO\JRQDO IHUULWH LV WKH SURHXWHFWRLG IHUULWH IRUPHG XQGHU KLJK WHPSHUDWXUH VORZ FRROLQJ UDWH DQG LW KDV
LVRPHWULFDSSHDUDQFH,WVVXEVWUDWHLVEULJKWZKLWHDQGJUDLQERXQGDU\LVLQDILOPXQGHUWKHRSWLFDOPLFURVFRSH7KH
PLFURDOOR\HOHPHQWV1LRELXPYDQDGLXPWLWDQLXPSUHFLSLWDWHGLQWKHIRUPRIFDUERQLWULGHFDXVLQJWKHKDUGQHVV
LQFUHDVH
:KHQWKHWHPSHUDWXUHXSVWRćWKHH[LVWHQFHRIWKLFNEDLQLWHIHUULWHVWUXFWXUHZLOOKDYHJUHDWLQIOXHQFHRQ
WKHLUWRXJKQHVV

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)LJ7KHPLFURVWUXFWXUHRI;SLSHOLQHVWHHOZKLFKZDVGDPDJHGE\GLIIHUHQWWHPSHUDWXUHDQGWLPHDćK
EćKFćKGćKHćKIćK
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
)LJ7KHPLFURVWUXFWXUHRI;SLSHOLQHVWHHOZKLFKZDVGDPDJHGE\ćK


)LJ7KHPLFURVWUXFWXUHRI;SLSHOLQHVWHHOZKLFKZDVGDPDJHGE\ćK
&RQFOXVLRQV
7KH SURSHUWLHV RI ; SLSHOLQH VWHHO DUH FKDQJHG E\ WKH GDPDJH WHPSHUDWXUH DQG WLPH :KHQ WKH GDPDJH
WHPSHUDWXUH LV ć DQG WKH WLPH LVK FRPSDUHGZLWK WKHSURSHUWLHVRIEDVHPHWDO WKH\LHOG VWUHVV DQG WKH
WHQVLOHVWUHVVLVMXVWDERXWDQGRIZKLFKUHVSHFWLYHO\7KHPHFKDQLFDOSHUIRUPDQFHRIWKHPDWHULDOVZLOO
EHGHFUHDVHGZKHQ WKHGDPDJH WLPHLVSURORQJHG:KHQWKH WHPSHUDWXUH LVćDQG WKH WLPH LVK WKH WHQVLOH
VWUHVVRIWKHPDWHULDOVLVDFFRUGZLWKWKH$3,6SHF/,QDZRUGWKHSURSHUWLHVRIWKHHTXLSPHQWDUHFKDQJHGZKHQ
WKH\DUHGDPDJHGDQGLWLVQHFHVVDU\WRLQYHVWLJDWHWKHSURSHUWLHVRIWKHEDVHPHWDOEHIRUHWKH\DUHUHPDQXIDFWXUHG
E\ODVHUFODGGLQJ
$FNQRZOHGJHPHQWV
7KH DXWKRUV RI WKLV SDSHU ZLVK WR DFNQRZOHGJH WKH VXSSRUW RI WKH 1DWLRQDO KLJK WHFKQRORJ\ UHVHDUFK DQG
GHYHORSPHQWSODQSODQRI&KLQD*UDQW1R$$´
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